Introduction
One of the main functions of food packaging is to provide passive protection against environmental agents that affect the shelf life of the products. The shelflife of packaged food depends on both the intrinsic and extrinsic factors. Intrinsic factors include pH, water activity (a w ), nutrient content, presence of antimicrobial compounds, redox potential, respiratory rate and the biological structure, whereas extrinsic factors include storage temperature, relative humidity and the surrounding gas composition [1] .
Tuna is a fish with an excellent flavor, high market value and many health benefits due to its high content of polyunsaturated fatty acids [2] . In the case of fishes as tuna, the microorganisms are the main mechanism that leads to spoilage [3] . Traditional methods of preserving fish from the damaging effects of microbial growth include heat treatment, drying, freezing, refrigeration, irradiation, modified atmosphere packaging and addition of salts or antimicrobial agents [4] .
systems such as adding a sachet into the package, dispersing bioactive agents, coating bioactive agents on the surface of the packaging material, or utilizing antimicrobial macromolecules with film-forming properties or edible matrices [10] . A large number of agents with antimicrobial properties (ethanol, carbon dioxide, silver ions, chlorine dioxide, antibiotics, organic acids, essential oils and spices, etc.) have been tested in active packages. The purpose of their addition was to inhibit the growth of microorganisms that can lead to deterioration of foodstuffs (bacteria can also attack the packages affecting their functions and properties) [3] .
Nanomaterials have a great scientific and technological interest because of their potential to exhibit new characteristics that cannot be achieved with micro materials [11] [12] [13] [14] . The large surface area and high reactivity of Nano sized silver particles made them an interesting nanomaterial that exhibits remarkable physical, chemical, and biological properties as their high antimicrobial activity against bacteria and viruses [15, 16] .
Two parameters are considered critical in the antimicrobial effect of silver nanoparticles: their size and their oxidation degree. Related to the size, smaller particles present more antibacterial activity, preferentially with a diameter of approximately 1-10 nm, on the basis of equivalent silver mass content [15] . This is due to small particles have larger surface area in respect to its mass. However, a good dispersion of the nanoparticles is also required to assure the antibacterial activity in packaging, due to the possibility of aggregate formation that leads to the decrease in the number of nanoparticles that can interact with the membrane of the bacteria [15, 16] .
Regarding to their oxidation degree, only the oxidized nanoparticles present antimicrobial activity, because to exert this effect the direct association of the oxidized nanoparticle and the bacteria is needed [17, 18] . For example, oxidized silver produces a collapse of proton motive force in Vibrio cholerae because it induces a massive proton leakage through the membrane [19] .
Different options have been developed in the last years in order to release the silver nanoparticles. One of the most useful is the release of silver, in form of zeolites, from the food contact material to exert its action on the surface of the food. This system is currently used by some commercial trademarks approved by FDA and EFSA [13] . Zeolites are open structured aluminosilicates with a negative charge that is compensated by cations such as sodium or silver. The cations are mobile and interchangeable (for example, H + /H 2 O). Zeolites has been designed specifically to release silver ions and prevent microbial growth due to disruption of the microorganism RNA replication, inhibition of the respiratory chain enzymes, and the interferences in the membrane permeability [3, 15, 20] .
The present study has focused on the use of an antimicrobial package with silver zeolite and its combination with moisture absorbers, for the commercialization of refrigerated tuna snacks, and the effect on pH, moisture, microbial growth, texture and color during their storage.
Materials and Methods
The analyzed snack is an elaborated product based in a cooked mixture of tuna, sunflower seed oil, salt and water with shape of cubes (each cube with a side of 18.5 mm and approx. 6 g of weight). Samples were supplied by Jealsa Rianxeira S.A.
The tuna snack (around 200 g) was placed in polystyrene trays of 21 x 12.5 cm (Cryovac ® ) and packaged in a low density polyethylene bag (control sample). Samples have been made up using trays with Food Touch TM paper (Microbe guard ® Corporation) (FT sample) and a combination of Food Touch TM paper and cellulose pad (FT-c sample). All snack samples were stored at 5 º C and samples were removed at 0, 6, 8, 10, 12 and 14 days. All the analysis were carried out in triplicate (n = 3).
Water content
Water content was determined by weight difference of the tuna snack (1-2 g) after 24 h at 105 º C. Results were calculated as g water kg -1 tuna snack.
pH
The pH was measured directly on the tuna snack surface by a pH meter Crison GL22 with a pH electrode Crison 52 32 (Crison Instruments, S.A., Barcelona, Spain). For each sample the average value was obtained from five different readings.
Color measurements
The color was measured by the method described by Prieto et al. [21] . A Konica Minolta colorimeter with a measuring head CR-300 (8-mm-diameter viewing area) was used to measure the color. The measuring conditions were fixed as follows: observer 2 o and illuminant D65, which represents a phase of daylight including the ultraviolet region spectrum. The measurements were made by spectral reflectance, using the diffuse illumination geometry with an integration sphere, covered with a white material and is observed with the specular component included in 0 o in relation to normal. The color measurements were analyzed in the CIELAB color space, which is organized with three axes in a spherical form: L*, a* and b*. The parameters are plotted on three orthogonal axes in a Cartesian coordinate system, where L* represents lightness, a* represents the position between red and green, and b* represents the position between yellow and blue. The L* axis moves from top (100, white) to bottom (0, black), whereas a* and b* axes are associated with changes in redness-greenness (positive value of a* is red and negative value of a* is green) and in yellowness-blueness (positive value of b* is yellow and negative value of b* is blue). None of them have specific numerical limits. Additionally, the angular coordinates of chroma [C* ab = (a* 2 + b* 2 )
] and hue angle [h ab = arctan (b*/a*)] were also calculated. C* ab is the relative strength of a color, chroma or saturation of color, and h ab refers to the dominant wavelength, starts with 0 o and increases counterclockwise [22, 23] .
In addition, the total color difference (ΔE) was calculated as:
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where L*is the lightness of sample at time t; L* 0 is the lightness of control sample at 0 day; a* is the redness of sample at time t; a* 0 is the redness of control sample at 0 day; b* is the yellowness of sample at time t; a* 0 is the yellowness of control sample at 0 day.
Microbial count
To evaluate the antimicrobial effect of silver nanoparticles, microbiological tests were done. The methodology was similar to those carried out by other authors [24] a total amount of 25 g of tuna snacks was collected aseptically and placed in a sterile plastic bag with 225 ml of peptone water 10 g . L -1 in a vertical laminar-flow cabinet BIO II A (Telstar, Madrid, Spain). After 1 min in a stomacher Smasher (AES Chemunex, Combourg, FR), from the resulting homogenized dilution, appropriate progressive decimal dilutions were prepared, using the same diluent in order to evaluate the following microorganisms: i) Total Viable Counts in PCA medium, incubated 72 h at 30 º C [25] ; ii) Coliforms in VRBL medium, incubated 24 h at 37 º C [26] and iii) Yeasts and moulds in YGC medium, incubated 120 h at 25 º C [27] ; Plates were inoculated, in triplicate, with 1 ml of the corresponding dilutions.
Texture Profile Analysis (TPA)
The technique of large deformation single compression testing was employed on a TA-TX plus Texture Analyzer (Stable Micro Systems Ltd. Surrey, UK) [28] . The snack samples were taken from the refrigerator and placed at room temperature for 30 min. Then, the snacks were characterized in the texture analyzer with a cylindrical probe (Ref. P/20). These samples were disposed on the platform vertically and horizontally and the probe was compressed into the sample at the rate of 1 mm s -1 with 5 mm penetration. Then, the probe was removed at 1 mm s -1 and the recovery of the sample was also monitored. Hardness, brittleness and adhesiveness have been determined.
Statistical analyses
With the obtained data, a two-way analysis of variance was done. Comparison of means was performed by the Least Significant Difference method. The Stat graphics plus 5.1 software for Windows (Statistical Graphics Corp, Warrenton, VA, United States) was used to carry out the tests. Differences were considered significant at p < 0.05 in all cases.
Results and Discussion

Water content and pH
Water contents ranged between 621 and 615 g kg -1
during the assay. The pH was between 5.9 and 6.0. These data reflects that water content and pH determination have no significant differences (p < 0.05) as a result of the time and type of package during refrigerated storage at 5 º C. Based on these results, these two parameters were not significant as a physicochemical index of quality decay or in the prediction of the shelf life of tuna snacks [29] .
Color or CIELAB color parameters
Color is a basic parameter in the evaluation of the foodstuffs quality. The CIELAB system is since 1976, the most widely used system for calculating color differences for most practical applications [21] by scientific community and industry. For tuna snack at time 0, the cumulative averages of the CIELAB color system coordinates: L*, a*, and b* were plotted (Figure 1) . The first point of a horizontal asymptote represents the minimum number of measurements required to characterize the coordinates L*, a*, and b* [21] . In figure 1 , horizontal asymptote is indicated by a marked segment. For this samples and taking into account that the used equipment has an 8-mm-diameter viewing area, the minimum number of measurements required to characterize the color is different for each of the CIELAB coordinates; so, the number of performed measures was 30.
Statistical tests applied to the color data revealed significant differences for each CIELAB color parameter in relation to packaging type. The L* parameter (lightness) decreased significantly in all types of samples with the storage (Table 1 ). The decrease of L* was higher in control and FT sample, with values ranged from 59.69 to 55.48 and 60.80 (t = 6) to 53.83 (t = 14) CIELAB units, respectively. While the values of L* in FT-c sample had a minor decrease, with a range of variation between 60.42 on the sixth day and 57.65 CIELAB units at day 14. 
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The value of the parameter a* varies from positive values (redness) to negative values (greenness). Value of a* at zero time was 6.68 and descending from 4.46 (t = 6) to 2.56 (t = 14) in control sample. In FT sample, the values ranged between 4.07 (t = 6) and 2.37 (t = 14), and between 4.20 (t = 6) and 2.45 (t = 14) for FT-c sample. Nevertheless, only the significant differences from t = 8 could be attributed to the packaging, according to the statistical analysis. This red color is generated during the processing of tuna, when the oxygen reacts with the myoglobin to form oxy-myoglobin (red pigment). But, this red color disappears in function of time due to the reaction of oxymyoglobin molecules with oxygen to produce met-myoglobin (brown pigment). This conduces to a change in the color of tuna muscle from red to various shades of brown [29, 30] . The color parameters most closely related to color perception are the angular coordinates of chroma and hue angle [23] . In all cases and samples, a decrease of chroma is observed. Results for chroma C* ab , showed a similar pattern to that observed for b* and a*, with values that began at 21 To describe the total change in the color of tuna snack, the combination of CIELAB parameters L*, a* and b*, were determined in terms of total color difference (ΔE) and plotted in figure 2 . As it can be observed, ΔE increases with time of storage in all samples. At the end of storage, the increase of ΔE in control and FT sample was higher than in FT-c sample. The change in the CIELAB parameters may be due to the variation in the microbial load [21] , the integrity of sample, the deterioration of the pigments and/or changes in some constituents of the sample. Thus, the use of antimicrobial paper and cellulose pad gave rise to the lowest change in ΔE, C* ab , L*, a* and b* values.
Antimicrobial effect
Active packaging containing antimicrobial compounds is a promising application to control undesirable microbial growth in foods [9] . The composition of the microbial load presents in the tuna snack is relatively complex and with different levels of resistance to silver nanoparticles. In control samples, the microbial count exhibited an increase tendency with the storage time. Packages with silver nanoparticles and its combination with cellulose pads resulted in lower microbial counts. Figure 3 shows the evolution of the total viable counts in the different package options during the 14 days of study. The results showed an increasing number of bacteria in the control sample. The same tendency has been followed by FT and FT-c samples; however, the count has been lower during the first eight days of the study. After this time, the inhibitory effect of the silver nanoparticles disappears and the bacteria load raises to the control levels. The presence and evolution of enterobacteria, molds and yeasts is a good way to check the elaboration process and quality of foods. The evolutions of enterobacteria, molds and yeasts as a function of time using the three different packages in samples of tuna snacks stored at 5 ºC are shown in figure  4 and 5, respectively (data counts below the detection limit are represented as 0). The enterobacteria in the control tuna snack samples increased constantly after the sixth day until the end of the study. Moreover, the effect of FT and FT-c samples over growth of enterobacteria was remarkable. It can be seen that enterobacteria do not grow in snack tuna samples packaged with nanoparticles of silver.
On the other hand, the microbial count of moulds and yeasts, originally presents in very low number, increase with the storage time since the first day for control and FT sample (figure 5), but the FT sample always present lower counts of moulds and yeast than the control, until the tenth day. However, the combination of silver nanoparticles and cellulose pads (FT-c samples) inhibited the growth of moulds and yeasts so it could be a good option. However, after the first ten days the count of molds and yeast reaches to levels as the control and FT samples.
The antimicrobial effectiveness of packages that contain oxidized silver nanoparticles is related to its ability to induce damage to cell membranes, oxidative stress, and interferences in the membrane permeability, inhibition of the respiratory chain at a low potential point and/or interactions of silver ions with proteins and enzymes over different kinds of bacteria as gram negative bacteria, mould and yeasts [13, 15, 16, 20, [31] [32] [33] .
From these results it can be concluded that the shelf life of tuna snack can be prolonged by using antimicrobial active packaging with silver nanoparticles. The combination of silver nanoparticles and moisture absorber leads to better antibacterial results.
Texture profile analysis
The TPA imitates the jaw action, extracting from the resulting force-time curve a number of textural parameters that correlate well with the sensory evaluation. In our case, the studied parameters were: hardness (the height of the force peak on the first compression cycle), brittleness (the force of the significant break in the curve on the first bite) and adhesiveness (the negative force area of the first bite represented the work necessary to pull the compressing plunger away from the sample) [34] . Figure 6 shows hardness determination. It can be observed that hardness increases with time in all samples. From day 8 a small increase in the hardness in FT samples is observed. In the case of FT-c samples, the hardness was similar to the control samples. With respect to brittleness, samples did not show any fracture point in the TPA curves.
The adhesiveness (Figure 7) is a complex property that is the summary of a balance between cohesive and adhesive forces where it contributes others properties as the viscosity and viscoelasticity [35] . During the first eight days, a negligible decrease in the adhesiveness of the FT-c and control samples is observed. The eighth day marked a turning point in control samples due to the values of adhesiveness began to increase until the end of the study, while in FT and the FT-c samples the control samples an increase in adhesiveness values is observed. From day 8, in the samples FT and FT-c, a gradual decrease of adhesiveness values is present throughout the study. López-Caballero et al. [36] observed that these changes in the adhesiveness of the samples are due to cleavage of strong bonds as a result of microbial action resulting in degradation in proteins.
Conclusions
The interaction between packaging and refrigerated storage time affects the parameters studied in this work. The results obtained show that the antimicrobial active packaging could be a very useful and effective tool for extending the shelf life of tuna snacks. Water contents and pH values were not significantly affected by package type and storage time. However, the color, texture and microbiology analysis, showed significantly better results for the samples that combined silver nanoparticles and moisture absorbers, with a remarkable suppression of enterobacteria growth. In any case, the potential use of this combination of systems may be limited by their cost; so this should be taken into account for future works.
